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The lower Rio Grande watershed below Falcon Dam has been 95% developed for agriculture, urban, and industrial
uses. The river has been extremely altered to make this possible, with the addition of two more downstream dams, a
series of five rock weirs, and numerous water diversions. This regulation has resulted in an extremely altered flow
regime and fish fauna since the early 1950s. There has been a significant general retreat and decline of primary fresh-
water fishes over time, and we identified three significantly different faunal groups across the fragmented water-
course. However, the overall species richness of the region did not change significantly over time, likely due to an
ongoing upstream intrusion of estuarine and marine-derived taxa, as well as the increase in the number and spread of
non-native taxa. Despite no overall change in species richness within the region, we identified a significant trend in
the species richness of the two most diverse primary freshwater fish families, Leuciscidae and Centrarchidae. Leuciscid
richness significantly declined and centrarchid richness significantly increased over the 68-year period. Fluvial native
leuciscid species that require a natural flow regime became extirpated or extinct, while lentic-adapted native and
introduced centrarchids have thrived. The flow regime of the lower Rio Grande has been severely altered since
impoundment of Falcon Reservoir. Median monthly flows have declined for all months, maximum flows and high flow
pulses have declined, and base flows have increased. Also noteworthy were the increased number of hydrograph
reversals post-impoundment. The streamflow regime is of central importance in sustaining the ecological integrity of
rivers, and its disruption in the lower Rio Grande corresponds to a vastly different contemporary fish fauna than what
historically occurred.

T
HE composition of riverine fish assemblages and the
persistence of fish species are closely linked with
environmental conditions. River flow regimes can act

as master variables controlling water quality, food resources,
fish habitat, and can mediate biotic interactions (Poff et al.,
1997). The alteration of flow regimes through damming
and impoundment converts lotic ecosystems to lentic eco-
systems, changes sediment transport, and reduces habitat
and substrate diversity (Bunn and Arthington, 2002). These
effects can result in significant changes to resident fish
assemblages, including loss of biodiversity, species replace-
ment, species extirpations/extinctions, and proliferation of
introduced species (Vörösmarty et al., 2010; Tickner et al.,
2020). Meta-analysis has shown that species richness and
diversity decline in tropical and temperate rivers post-
impoundment and there is a general increase in non-native
and generalist species (Turgeon et al., 2019). Specialist
species such as broadcast or substrate spawning fishes
that require a natural flow regime or coarse substrates
have been shown to decline in rivers post-impoundment
(Perkin and Bonner, 2011; Taylor and Mayes, 2022). Lotic
specialists (Taylor and Mayes, 2022) and diadromous
fishes requiring river corridor connectivity (Gehrke et al.,
2002) are vulnerable to extinction in impounded river
systems due to loss of habitat and alteration of flow
conditions.

The Rio Grande system drains a bi-national basin and
forms an approximately 2000 km international border
across Texas and northern Mexico. It is considered one of
North America’s most endangered river ecosystems due to
extensive alteration of flow regimes and degradation in
water quality, quantity, and habitat (Dettinger et al., 2015;
Taylor et al., 2019). The lower Rio Grande delta region, from
the Falcon Reservoir to the mouth of the river, is now 95%
developed for agricultural, urban, and industrial uses, with
few minimally impacted areas remaining intact (Contreras-
Balderas et al., 2002). The lower Rio Grande is a low gradient
river, dropping on average 0.18 m/km over its run and
changing little in width or depth (Contreras-Balderas et al.,
2002). The International Boundary Water Commission
(IBWC) reported that discharge at the river delta in the
1990s was 32% that of the 1960s (Contreras-Balderas et al.,
2002). The habitat in this region once commonly contained
riffles, gravel, and sand banks in the 1950s, but this habitat
is being lost due to siltation caused by flow regulation (Con-
treras-Balderas et al., 2002). In addition to habitat changes,
water quality has changed drastically. Water quality at the
confluence of the Rio San Juan has changed most notably in
conductivity and dissolved ions of calcium, sodium, and
chloride as a result of changes in rainfall, stream flow, and
from saltwater encroachment from the delta (Contreras-Bal-
deras et al., 2002). Flow dynamics, including the frequency
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and severity of flood events, and the long-term flow regime
have been altered, affecting the movement of substratum
material and reducing the complexity of river channel sub-
strata including alteration of pool-riffle-run habitat struc-
tures (Contreras-Balderas et al., 2002; Lorang and Hauer,
2017). The cumulative result of these hydrologic impacts
was on display in 2001 when the river failed to make it to
the Gulf of Mexico.

Associated with the observed changes in river flows, habi-
tat quality, and quantity has come a shift in the fish assem-
blages of the lower Rio Grande. Historically the fish fauna in
this area has been relatively well studied with published sur-
veys as early as 1892 (Evermann and Kendall, 1892). The
lower portion of the Rio Grande was surveyed extensively
by Robinson in 1959, with 20 sampling stations below the
Falcon Reservoir. This lower segment of the river was sur-
veyed again in 1975, then through the 1980s and into the
1990s (Edwards and Contreras-Balderas, 1991; Contreras-
Balderas et al., 2002). In addition, Anderson et al. (1995)
included lower Rio Grande sites in a state-wide study of
changes in fish assemblages. These surveys have indicated
major changes in ichthyofauna including a loss of native
primary freshwater forms, the rise of invasive freshwater
species, and encroachment of estuarine and marine forms
(Edwards and Contreras-Balderas, 1991; Anderson et al.,
1995). These biodiversity shifts are concurrent with changes
in habitat quality and quantity, and the encroachment of
saltwater from the estuary due to reduced flows. Species
that were once common have declined, and there are some
notable extirpations from the region including the leucis-
cids Macrhybopsis aestivalis, Notropis jemezanus, Notropis orca
(extinct), and Hybognathus amarus.

Our objective was to conduct a contemporary survey of
the fishes of the lower Rio Grande and to gather available
ichthyological data from published papers and available
databases from prior surveys of river habitats between Fal-
con Dam and the mouth to determine the magnitude of
changes in the fish assemblages over the past 70 years. We
also identify changes in river flows since the establishment
of Falcon Reservoir and discuss how these changes have
impacted lower Rio Grande species assemblages. We
hypothesized that the richness of lotic specialist taxa like
much of the native Leuciscidae will have declined over the
timeseries, and lentic taxa will have increased in richness
along with introduced taxa (e.g., Centrarchidae).

MATERIALS AND METHODS

Contemporary fish surveys (2017–2019).—To provide a con-
temporary, regional assessment of fish assemblages, we sam-
pled 17 localities between Falcon Reservoir and Brownsville
(Fig. 1; Supplemental Table 1; see Data Accessibility), accessed
by truck or by boat (with the help/support of the Texas Parks
andWildlife Department and U.S. Customs and Border Protec-
tion). All sampling was conducted on the U.S. side of the river.
Localities were sampled during extended base flows in sum-
mer months (May–August) of 2017, 2018, and 2019. Collec-
tions were made by seine (6.1 m 3 1.8 m, 4.8 mm mesh), and
all available habitat was sampled at each locality. Sampling
was conducted for 30–60 min per locality depending on the
amount of available habitat. We used a backpack electrofisher
(Smith-Root LR24) for sampling in boulder-strewn substrates

where pools are not easily seined, specifically below Anzalduas
Dam and below Brownsville Irrigation District Weir #1 (Fig. 1).
All fishes collected were anesthetized using sodium bicarbon-
ate buffered MS-222 solution, fixed in 10% formalin, and pre-
served in 70% ethanol. Fishes were identified to species in the
lab at the University of Texas Rio Grande Valley. For each
locality where fishes were sampled, data on substrate types
were recorded and photographs of each location were made.
All activities were reviewed and approved under the Texas
A&MUniversity–Corpus Christi IACUC project ID# 03-17.

Historical fish datasets.—We compiled a historical dataset on
fish distribution and abundance in the lower Rio Grande
from reviews of published ichthyological surveys (Contre-
ras-Balderas et al., 2002) and publicly available datasets,
including the Fishes of Texas Project (Hendrickson and
Cohen, 2015; https://www.fishesoftexas.org) and the US
Environmental Protection Agency National Rivers and
Streams Assessment (NRSA) dataset (EPA, 2009). The ichthy-
ological collections in Contreras-Balderas et al. (2002) are
extensive, including ten localities between Falcon Dam and
Brownsville for a total of 59 individual samples. All collec-
tions in this reference are geo-referenced and were made on
the Mexico side of the border from 1954 to 1996. The Fishes
of Texas Project is maintained by Texas Natural History Col-
lections at the University of Texas at Austin. This dataset
contains records of museum-vouchered specimens and asso-
ciated data from over 40 institutions based on specimens
collected as far back as the mid-1800s. The EPA NRSA are
nationwide surveys of ichthyofauna using standard field
methods. Sampling in the lower section of the Rio Grande
occurred in 2008 and 2009 (https://www.epa.gov/national-
aquatic-resource-surveys/nrsa). These surveys were con-
ducted using boat electrofishing, and fish species were
enumerated at each sampling locality. Species identifica-
tions were conducted in the field by EPA “fish taxonomic
specialists” and common names were assigned to each spec-
imen; fish common names were designated based on Nelson
et al. (2004). Voucher specimens were collected at 13% of
NRSA localities. Of those, 12% (3,153) were reviewed by ich-
thyologists (EPA, 2016). Field identifications were deter-
mined to be 97% accurate to the genus level (EPA, 2016).

Analysis of fish assemblages.—Historic fish collection data
were merged with contemporary fish collections. Historical
datasets from the Fishes of Texas Project and the EPA were
filtered to only include samples collected between Falcon
Reservoir Dam (26833 03200N, 99809’5300W) and the mouth of
the river. We additionally removed all samples which were
collected outside of the mainstem of the river by mapping
the sampling locations and manually removing those
records from the dataset. Finally, only data collected after
1950 were retained since the availability of records in
decades prior was very sparse. Additional filtering was per-
formed on data gathered from the Fishes of Texas Project to
remove sampling events which took place over multiple
years or where only one species was collected or reported,
based on the assumption that these could have been tar-
geted collections, rather than community sampling, possi-
bly biasing analyses of diversity. Finally, we aggregated
sampling events into three broad river reaches based on
those defined in Edwards and Contreras-Balderas (1991).
They arbitrarily divided the lower section of the river into

Hogan et al.—Hydrologic alteration and fish assemblage change in the lower Rio Grande 95

https://www.fishesoftexas.org
https://www.epa.gov/national-aquatic-resource-surveys/nrsa
https://www.epa.gov/national-aquatic-resource-surveys/nrsa


four roughly equidistant reaches (A through D) consisting
of: (A) Falcon Reservoir; (B) Falcon Dam downstream to
Anzalduas Dam; (C) Anzalduas Dam downstream to approx-
imately the Brownsville Irrigation District weir #1, Browns-
ville, Texas; (D) Irrigation weir #1 to the mouth at Boca
Chica (Edwards and Contreras-Balderas, 1991). For the pur-
poses of comparison to their work, we retained the names of
the reaches they devised. Our study encompasses only three
of the four reaches they defined (B, C, and D).
Data analyses were performed on species occurrence data

rather than abundance data for two reasons. First, early collec-
tions from the 1950s prior to the completion of the Falcon
Dam are reported in Contreras-Balderas et al. (2002) as pres-
ence-only and so conversion of all other records to presence-
only allows for direct comparison to this important pre-dam
time point. Second, we have no meaningful way to control for
effort in sampling across collections. Collections across the
datasets were made using seine nets of various dimensions,
backpack electrofishing, and boat electrofishing. Few of the
records contain information on the amount of habitat surveyed
or the length of time spent collecting. Since taxon abundance
is highly sensitive to sampling effort, conversion to occurrence

data reduces the effects of differences in effort on multivariate
community analyses.

To visualize the sampling effort within each reach and
species presence through time, we plotted all sampled spe-
cies in taxonomic order separated by reach. To visualize
changes in the community composition of collections
through time, we ordinated each reach individually using a
non-metric multidimensional scaling analysis (NMDS). We
performed the NMDS at the family level, and due to the
presence-only nature of much of the data, we used counts
of the number of species in each family for a given sampling
event. To identify if the community composition changed
significantly across decades between reaches, we performed
a permutational MANOVA (with 1,000 permutations) with
years nested within decades and crossed with reach. Both
the NMDS ordination and permutational MANOVA were
performed using untransformed Bray-Curtis distance in
VEGAN (Oksanen et al., 2010).

We chose to model the change in the two most species-
rich families of primary freshwater fishes in the Rio Grande,
the Centrarchidae and Leuciscidae. We modeled the annual
mean species richness of sampling events which collected at

Fig. 1. Map of sampling locations
(red dots) from sampling conducted
in 2017–2019.
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least one of each family from the 1950s to the present and
used a Bayesian generalized linear model with a negative
binomial response distribution. We modeled a distinct
change in mean annual richness for each family using unin-
formative priors. This model was created using the R pack-
age BRMS (B€urkner, 2018) and fit using the Hamiltonian
Monte Carlo sampler in STAN (Carpenter et al., 2017). The
model was run for 2,000 iterations which includes 1,000
warmup iterations on four independent chains. Mixing of
chains and proper exploration of parameter space was con-
firmed by visually inspecting trace plots and ensuring the
Rhat value equaled one (Vehtari et al., 2021). After fitting
the model, we confirmed the assumptions that there were
no divergent transitions, that none of the individual obser-
vations were overly influential using leave-one-out cross
validation (Vehtari et al., 2017), and that the leave-one-out
probability integral transform (LOO-PIT) fits a uniform dis-
tribution (Gabry et al., 2019). After confirming that the
model adequately fit our data, we tested the a priori hypoth-
eses that the richness of the family Leuciscidae is declining
in the river over decades and that there has been a concomi-
tant increase in richness of the family Centrarchidae deter-
mining the posterior probability of a negative and positive
slope with respect to year. All analyses were performed in R
version 3.5.2 using the TIDYVERSE packages as well as those
previously mentioned (R Core Team, 2018; Wickham et al.,
2019).

Assessing changes in river flows.—To determine the degree of
hydrological alteration that has occurred in the lower Rio
Grande after fragmentation of the river by Falcon Dam, we
calculated flow duration curves from data collected pre- and
post-fragmentation. Data used in all flow regime analyses
were daily mean stream flows (cubic meters per second,
cms). Daily flows were obtained for all years for which data
are available from the International Boundary Waters Com-
mission (IBWC) website for the flow gauge near Brownsville,
Texas. Flow duration curves (FDCs) were constructed pre-
and post-impoundment and visually assessed for differ-
ences. Flow duration curves demonstrate the percentage of
time that flow in a river is likely to equal or exceed some
specified value of interest.

Flow duration curves tell us little about how flow behav-
ior varies seasonally or across years, so we performed a range
of variability analysis (RVA). The RVA provides a means of
assessing how flow behavior has changed based on a suite of
33 metrics from the following five categories: 1) magnitude
of monthly water conditions, 2) magnitude and duration of
annual extreme conditions, 3) timing of extreme water condi-
tions, 4) frequency and duration of high flow pulses, and 5)
rate/frequency of water condition changes. To identify changes
in flow behavior after fragmentation, a non-parametric range of
variability analysis (RVA) was used. To facilitate analyses, cate-
gory boundaries were placed at 17 percentiles from the median
yielding three categories of equal size: the lowest category con-
tains all values less than or equal to the 33rd percentile; the
middle category contains all values falling in the range of the
34th to 67th percentiles; and the highest category contains all
values greater than or equal to the 67th percentile. The
degree of non-attainment was determined and indicates the
percentage of post-fragmentation years not meeting the RVA
target (middle category). All flow analyses were conducted
with Indicators of Hydrological Alteration (IHA) software,

version 7.1 (The Nature Conservancy, 2009; https://www.
ibwc.gov/home.html).

RESULTS

Changes in the fish assemblages in the lower Rio Grande (1951–

2019).—In all, 212 species were collected or observed from
58 families and 20 orders of Chondrichthyes and Osteich-
thyes from 192 records spanning the years 1951–2019
(Fig. 2A, B; Supplemental Table 2; see Data Accessibility).
The most species-rich families of primary freshwater fishes
were the Leuciscidae (minnows and relatives; n ¼ 8 species)
and Centrarchidae (sunfishes, black basses, and relatives;
n ¼ 8 species; note: species counts includes both native and
exotic species).

We found that the three reaches differed significantly in
their assemblage composition (Fig. 2). NMDS analysis con-
firmed the presence of these three assemblages, and PERMA-
NOVA results demonstrated that there were significant
differences among reaches in assemblage structure (Table 1).
Reach B (Falcon to Anzalduas) was distinct in that it har-
bored a greater proportion of primary freshwater fishes and
noticeably lacked many euryhaline wanderers and marine-
derived families (e.g., Elopidae, Engraulidae, Carangidae,
Sciaenidae; Fig. 2). There were eight species of fishes that
appear to be the most common and abundant taxa in
Reach B, as they were found in at least 11 of 18 years of
sampling and in all decades for which there are data; those
species are: Menidia beryllina, Astyanax mexicanus, Doro-
soma petenense, Herichthys cyanoguttatus, Cyprinella lutrensis,
Lepomis macrochirus, Micropterus salmoides, and Gambusia
affinis.

Reach D (Brownsville weir to the river mouth) was dis-
tinct from the other two reaches because it lacked most of
the primary freshwater fishes (e.g., Leuciscidae, Ictaluridae,
Centrarchidae) and was heavily dominated by marine-
derived and euryhaline specialist families and species
(Fig. 2). There are five species of fishes that appear to be the
most common and abundant taxa in Reach D, as they were
found in at least 17 of 29 years of sampling and in most
decades for which there are data; those species are: Mugil
cephalus, Mugil curema, Citharichthys spilopterus, Anchoa
mitchilli, and Lagodon rhomboides.

Reach C (Anzalduas to Brownsville weir) was distinct as
an intermediate between the other two reaches, harboring
most of the primary freshwater families and species, as well
as many secondary freshwater species (e.g., Atherinopsidae,
Cyprinodontidae), diadromous species (e.g., Eleotridae),
euryhaline wanderers (e.g., Clupeidae, Belonidae), and
some marine-derived taxa (Fig. 2). There are 12 species of
fishes that appear to be the most common and abundant
taxa in Reach C, as they were found in at least 13 of 29 years
of sampling and in all decades for which there are data;
those species are: Menidia beryllina, Dorosoma petenense, Dor-
osoma cepedianum, Astyanax mexicanus, Cyprinella lutrensis,
Cyprinodon variegatus, Gambusia affinis, Poecilia latipinna,
Poecilia formosa, Lepomis macrochirus, Herichthys cyanogutta-
tus, and Gobiomorus dormitor.

Assemblage composition changed significantly over the
68-year time period that these records encompass. NMDS
analysis of the three reaches indicated that assemblage
composition shifted over time in all reaches (Fig. 3).
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Falcon to Anzalduas Anzalduas to Weir Weir to Sea

Dasyatidae

Lepisosteidae

Elopidae

Anguillidae

Ophichthidae

Engraulidae

Clupeidae

Cyprinidae

Leuciscidae

Xenocyprididae

Catostomidae

Characidae

Loricariidae

Ictaluridae

Ariidae

Synodontidae

Gadidae

Antennariidae

Mugilidae

Atherinopsidae

Belonidae

Fundulidae

Cyprinodontidae

Poeciliidae

Syngnathidae

Scorpaenidae

Triglidae

Centropomidae

Moronidae

Serranidae

Centrarchidae

Percidae

Pomatomidae

Rachycentridae

Carangidae

Lutjanidae

Lobotidae

Gerreidae

Haemulidae

Sparidae

Polynemidae

Sciaenidae

Kyphosidae

Cichlidae

Pomacentridae

Blenniidae

Gobiesocidae

Eleotridae

Gobiidae

Ephippidae

Sphyraenidae

Trichiuridae

Paralichthyidae

Achiridae

Cynoglossidae

Balistidae

Monacanthidae

Tetraodontidae

1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020

Dasyatis sabina

Atractosteus spatula
Lepisosteus oculatus
Lepisosteus osseus

Elops saurus

Anguilla rostrata

Myrophis punctatus

Anchoa hepsetus
Anchoa lyolepis
Anchoa mitchilli

Alosa chrysochloris
Brevoortia gunteri

Brevoortia patronus
Dorosoma cepedianum

Dorosoma petenense
Etrumeus teres

Harengula jaguana
Sardinella anchovia

Cyprinus carpio

Cyprinella lutrensis
Hybognathus amarus

Macrhybopsis aestivalis
Notropis amabilis
Notropis braytoni

Notropis buchanani
Notropis jemezanus

Notropis orca
Pimephales vigilax

Ctenopharyngodon idella

Carpiodes carpio
Ictiobus bubalus

Moxostoma congestum

Astyanax mexicanus

Pterygoplichthys disjunctivus

Ameiurus melas
Ictalurus furcatus

Ictalurus punctatus
Pylodictis olivaris

Ariopsis felis
Bagre marinus

Synodus foetens

Urophycis floridana

Histrio histrio

Agonostomus monticola
Mugil cephalus

Mugil curema
Mugil trichodon

Membras martinica
Menidia beryllina

Menidia peninsulae

Platybelone argala
Strongylura marina
Strongylura notata

Fundulus grandis
Fundulus similis

Lucania parva

Cyprinodon variegatus

Gambusia affinis
Poecilia formosa
Poecilia latipinna

Microphis brachyurus
Syngnathus louisiana

Syngnathus louisianae
Syngnathus scovelli

Scorpaena plumieri

Prionotus tribulus

Centropomus parallelus
Centropomus undecimalis

Morone chrysops
Morone saxatilis

Diplectrum bivittatus
Diplectrum formosus

Epinephelus cruentatus

Lepomis auritus
Lepomis cyanellus

Lepomis gulosus
Lepomis macrochirus

Lepomis megalotis
Lepomis microlophus

Micropterus salmoides
Pomoxis annularis

Etheostoma gracile

Pomatomus saltatrix

Rachycentron canadum

Caranx hippos
Caranx latus

Chloroscombrus chrysurus
Hemicaranx amblyrhynchus

Oligoplites saurus
Selene vomer

Seriola fasciata
Seriola rivoliana

Trachinotus carolinus
Trachinotus falcatus

Trachinotus floridanus

Lutjanus analis
Lutjanus apodus

Lutjanus campechanus
Lutjanus griseus

Lutjanus synagris

Lobotes surinamensis

Diapterus auratus
Eucinostomus argenteus

Eucinostomus gula
Eucinostomus harengulus

Eucinostomus melanopterus
Gerres cinereus

Gerres rhombeus

Conodon nobilis
Orthopristis chrysoptera

Pomadasys crocro

Archosargus probatocephalus
Lagodon rhomboides

Polydactylus octonemus

Aplodinotus grunniens
Bairdiella chrysoura

Bairdiella ronchus
Cynoscion arenarius

Cynoscion nebulosus
Leiostomus xanthurus

Menticirrhus littoralis
Menticirrhus saxatilis

Micropogonias undulatus
Pogonias chromis

Pogonias cromis
Sciaenops ocellata

Sciaenops ocellatus
Stellifer lanceolatus

Kyphosus saltatrix

Herichthys cyanoguttatus
Oreochromis aureus

Abudefduf saxatilis
Abudefduf taurus

Hypleurochilus geminatus
Hypsoblennius hentz

Gobiesox strumosus

Dormitator maculatus
Eleotris pisonis

Erotelis smaragdus
Gobiomorus dormitor

Awaous banana
Bathygobius soporator

Ctenogobius boleosoma
Ctenogobius claytonii
Ctenogobius shufeldti
Evorthodus crossotus

Evorthodus lyricus
Gobionellus boleosoma

Gobionellus hastatus
Gobionellus oceanicus

Gobiosoma bosc
Gobiosoma robustum

Chaetodipterus faber

Sphyraena barracuda
Sphyraena guachancho

Trichiurus lepturus

Citharichthys arctifrons
Citharichthys macrops

Citharichthys spilopterus
Paralichthys lethostigma

Syacium papillosum

Achirus lineatus

Symphurus plagiusa

Balistes capriscus
Canthidermis maculata

Monacanthus hispidus

Sphoeroides parvus

Fig. 2. Species observed in the lower Rio Grande by river reach and year. A line through time indicates a species has been found in that reach;
black points indicate that there was a sampling event which occurred that year but the species was not observed; reach-specific colored points
(blue ¼ B; green ¼ C; red ¼ D) indicate that the species was collected that year in that reach. For a more detailed view, this figure is available as
supplemental material (see Data Accessibility).
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PERMANOVA analysis confirmed that these changes were

significant (Table 1). The greatest changes in composition,

as indicated by changes in positions of decadal centroids

on NMDS 1 and NMDS 2, appear to have happened in the

1950s, 1960s, and 1970s in all reaches (Fig. 3). Changes in

NMDS space in the last three decades of the series (1990s,

2000s, 2010s) appear to be generally smaller than changes

in the early decades of the series (Fig. 3). These changes

were marked by a significant increase over the 68-year

period in the richness of centrarchid species collected per

sampling event (y ¼ e�0:53þ0:01�t; slope ¼ 0.0112 [95% CI:

–0.00316 to 0.0258]; posterior probability of positive slope

¼ 0.9333; Bayes factor ¼ 13.98). This was concomitant

with a significant decrease in the richness of leuciscid spe-

cies collected per sampling event (y ¼ e0:77–0:03�t; slope:

–0.0291 [95% CI: –0.04274 to –0.0168]; posterior probabil-

ity of negative slope ¼ 1.0000; Bayes factor ¼ 1; Fig. 4).

There are three species that appear to have once been wide-

spread among all three reaches and abundant enough to be

collected in numerous samples that exemplify the signifi-

cant decline of leuciscids in the lower Rio Grande. Macrhy-

bopsis aestivalis was previously collected in all reaches but

was last observed in 1994 in Reach B, 1983 in Reach C, and

1953 in Reach D. Hybognathus amarus and Notropis jemeza-

nus were both also widespread and abundant and both

have not been observed since 1977 in Reach B and 1954 in

both Reach C and D. Another notable cyprinid species that

is known to be extinct is Notropis orca which was observed

in Reaches C and B up until 1975.

Changes in river flows pre- and post-damming (1933–2012).—
Flow duration curves for the Brownsville IBWC gage indi-

cated that there were fewer high flows (eco-deficits), higher

low flows (eco-surpluses), and no zero flows post-impact

(Fig. 5). The RVA analysis confirmed that flows have been

significantly altered post-impoundment. Twenty-eight of 33

variables across all five categories were not sufficiently

attained (outside of the 34th–67th percentiles), and 26 of

those had non-attainment rates greater than 50% (Table 2).

Three parameters had 100% non-attainment (1-, 3-, and 7-

day maximum; Table 2). Several general trends were evident

and include reduced median flows for all months, reduced

maximum flows, and increased minimum flows. Low pulse

counts increased, and high pulse counts declined, but high

pulse durations were longer. Also noteworthy were the

increased number of hydrograph reversals post-fragmenta-

tion (Table 2).

DISCUSSION

We observed three distinct fish assemblages in the lower Rio

Grande, one in each of the three reaches that were defined

by Edwards and Contreras-Balderas (1991). This contrasts

Fig. 3. Visualization of changes in fish community composition in NMDS space within the three reaches of the lower Rio Grande. Reach B (blue),
Reach C (green), Reach D (red). Note that communities cannot be compared visually across facets. See PERMANOVA results for comparisons
among communities. Small points mark the ordination of individual sampling events, while large points show the decadal centroid, with lighter
shaded points indicating earlier decades and darkly shaded points being more recent decades.

Table 1. Differences in fish community composition in space and time in the lower Rio Grande indicated by PERMANOVA analysis. Alpha value of
0.05 was determined as the cutoff for statistical significance.

Df SS MS F r2 P

Decade 6 5.481 0.9135 5.5623 0.11726 0.001
Reach 2 9.245 4.6223 28.1446 0.19778 0.001
Year(Decade) 30 8.661 0.2887 1.7578 0.18528 0.001
Reach * Decade 10 2.576 0.2576 1.5686 0.05512 0.005
Reach * Year(Decade) 22 4.192 0.1906 1.1603 0.08969 0.118
Residuals 101 16.588 0.1642 0.35487
Total 171 46.743 1
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with the findings of that study which concluded that there
were two distinct faunas, an “upstream” and a “down-

stream” fauna. Part of the disparity between our result, and
the conclusion of Edwards and Contreras-Balderas is due to
the inclusion of downstream localities in the “arbitrary”

definitions of the reaches. The primary differences in the
fish fauna between Reach C (below Anzalduas Dam) and

Reach B (above Anzalduas Dam) is the inclusion of many
marine-derived taxa and euryhaline wanderers in the most
downstream localities in Reach C (i.e., Carangidae, Lutjani-

dae, Gobiidae, Ariidae). The inclusion of these downstream
sites in Reach C may create the appearance of three faunas

when in fact there are two faunal types that mix in the
downstream localities of Reach C. However, there were

some species that appear to be quite common and/or wide-
spread throughout Reach C that are not found in Reach
B. For example, Gobiomorus dormitor was observed at three

localities in Reach C in our contemporary surveys including
sites only a few kilometers downstream from Anzalduas

Dam. A precise break between the two faunas is fuzzy, but
our findings broadly support the conclusions of Edwards

and Contreras-Balderas (1991) and Contreras-Balderas et al.
(2002) that there is a general retreat or decline of primary
freshwater fishes and an increasing upstream intrusion of

estuarine and marine forms in the lower Rio Grande.
Our analysis of fish data from all available sources showed a

significant change in community composition from 1951–

2019, with the largest changes occurring shortly after the com-
pletion of the Falcon Dam in 1953. The overall species richness

of the river community did not change significantly over this

time period. This is likely due to the ongoing upstream intru-

sion of estuarine and marine-derived taxa, as well as the

increase in the number and spread of non-native taxa. How-
ever, this result hides more significant trends in the richness of

the two most diverse primary freshwater fish families, Leucisci-
dae and Centrarchidae. Leuciscid richness significantly declined

and centrarchid richness significantly increased over this 68-
year period. It is notable that there were three abundant and

widespread cyprinid species in the lower Rio Grande, Macrhy-
bopsis aestivalis, Hybognathus amarus and Notropis jemezanus, all

of which are pelagophilic in nature, that are almost certainly
extirpated or at least have not been observed in several decades

(Bestgen and Platania, 1991). Similar declines, most notably in
the abundance and diversity of cyprinid species, were previ-

ously observed by Edwards and Contreras-Balderas (1991),

Anderson et al. (1995), and Contreras-Balderas et al. (2002).
This shift from dominance of one taxon to another indicates a

major change in the freshwater fish fauna of the lower Rio
Grande andmay be symptomatic of the larger changes ongoing

in the river ecosystem.
Since the Falcon Dam was completed in April 1954, river

flows below the dam have been altered significantly. Large

flood events have very rarely occurred since the dam was com-
pleted, and small flood events have significantly decreased in

frequency and number. This coupled with a significant increase
in baseflow and increases in water diversion for agricultural use

has resulted in major changes to fish habitats. Siltation has

increased (Contreras-Balderas et al., 2002) and there has been a
loss of substrate and reach diversity. Riffles and gravel and sand

banks that were once common in the 1950s (Contreras-Balderas
et al., 2002) have been replaced by silt and mud, artificial con-

crete rip-rap, and/or the shells of invasive Corbicula spp. clams.
We observed very little substrate diversity at contemporary sam-

pling locations. Mud and silt were most common, but sites
nearest the Falcon Dam (Salineño and Chapeño) had more

diversity, with some riffles over bedrock, as well as Corbicula
shell banks. Locations immediately below dams and weirs

(Anzalduas and Brownsville Weir #1) also had man-made con-
crete rip-rap substrates.

Fig. 5. Flow duration curves for the Rio Grande at Brownsville. Curves
indicate the percent of time specified discharges were equaled or
exceeded during a given period. Dashed line represents flow regime
before impoundment by Falcon Reservoir (1934–1953), and solid line
represents post-impoundment discharge (1955–2022).

Fig. 4. Changes in mean species richness of the two dominant families
of primary freshwater fishes in the lower Rio Grande, Centrarchidae and
Leuciscidae, over 69 years of surveys. Points indicate the mean number
of species observed each year with 68% and 95% credible intervals.
The darkly shaded region shows the 68% credible region, and the
lightly shaded region shows the 95% credible region around the esti-
mated change in mean species richness.
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The changes in substrate and flow are likely large con-
tributors to the faunal shift from a cyprinid- to a cen-
trarchid-dominated primary freshwater fish assemblage.
Changes in stream geomorphology as a result of changes
in flood frequency and magnitude has resulted in shifts
toward lentic-type habitats (Poff et al., 1997), contributing
to the replacement of fluvial-specialist species with lentic-
generalist species (Scott and Helfman, 2001). Additionally,
four of the eight species of centrarchids observed were non-
native (Lepomis gulosus, Lepomis microlophus, Lepomis auritus,
and Pomoxis annularis), whereas none of the eight leuciscids
observed were non-native. Introduced species that become
established tend to have more generalist traits as well (Clavel
et al., 2011).

It is an over-simplification to say that all leuciscids are flu-
vial specialists and all centrarchids are lentic generalists. For
example, the Red Shiner, Cyprinella lutrensis, is a generalist
species with broad tolerances (Perkin and Bonner, 2011)
and one of the most commonly observed and widespread
species in the river. Even post-dam construction, it is a
definitive species for reaches B and C. Some centrarchids,
such as the introduced Pomoxis annularis, have been only
rarely observed (Fig. 2). However, we can generalize using
species traits that have been classified for over 400 North
American freshwater fishes (Goldstein and Meador, 2004).
The centrarchid species observed in the lower Rio Grande
are mostly nest-guarders with generalist nest substrate pref-
erences, prefer finer substrate types (i.e., mud, silt, sand,

Table 2. Results of the range of variability analysis (RVA) performed with indicators of hydrologic alteration (IHA) software (version 7.1) for the
lower Rio Grande near Brownsville, Texas. The rate of non-attainment indicates the percentage of post-impoundment years not meeting the RVA
target (34th–67th percentile).

Pre-impoundment Post-impoundment
Rate of

non-attainment

IHA groups Median CD Median CD �33% $67%

Magnitude of monthly water conditions
October 127 1.596 5.95 2.85 76
November 52.4 1.23 6.8 1.157 96
December 47 1.217 5.76 1.359 96
January 57.5 1.33 5.08 1.202 92
February 53.4 1.344 5.835 1.019 92
March 26.1 2.162 4.56 1.395 84
April 23.65 1.603 4.01 1.377 86
May 49.6 2.575 7.92 1.043 61
June 52.1 1.706 6.85 1.273 80
July 64.3 2.131 5.38 1.791 76
August 63.4 1.867 4.13 1.202 61
September 106.5 3.211 7.385 1.856 80

Magnitude and duration of annual extreme
conditions

1-day minimum 0 0 0.31 2.968
3-day minimum 0 0 0.5133 2.36
7-day minimum 0.0386 232.1 0.9229 1.848
30-day minimum 6.833 2.847 2.636 0.9422
90-day minimum 21.93 1.574 3.957 1.017 96
1-day maximum 694 0.2939 119 1.527 100
3-day maximum 661 0.2491 103.7 1.798 100
7-day maximum 566.4 0.4512 75.99 2.211 100
30-day maximum 311.3 0.715 35.84 3.16 72
90-day maximum 173.3 0.7107 19.42 3.175 72
Number of zero days 4 4 0 0 57
Base flow index 0.0003 226.2 0.04759 2.944 64

Timing of annual extreme water conditions
Date of minimum 192 0.3661 163 0.3115
Date of maximum 247 0.3361 260 0.3265 37

Frequency and duration of high flow pulses
Low pulse count 6 0.6667 8 0.9375 55
Low pulse duration 6 1.208 15 2.108 40
High pulse count 8 0.625 0 0 94
High pulse duration 5 0.5 8.5 3.206 90

Rate/frequency of water condition changes
Rise rate 5.4 0.6296 1.3 1.002 86
Fall rate �5.75 �0.548 �1.17 �1.004 92
Number of reversals 99 0.1212 124 0.1573 96
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gravel), lower flow conditions, and feed on a variety of food
types (data source: https://water.usgs.gov/nawqa/ecology/
pubs/index.html). The decline in flood events and the
increase in siltation in the lower Rio Grande would likely
benefit most centrarchid species. Comparatively, the leucis-
cids are defined mostly as pelagic or substrate spawners pre-
ferring coarser substrate type for their eggs (i.e., cobble,
gravel, and sand). As a result, they tend to prefer moderate
to fast currents and show an avoidance of natural and artifi-
cial lentic conditions that have become large in scale since
dam construction. The changes in flow and substrate in the
lower Rio Grande would likely have a stronger impact on
the habitat availability and affect spawning of these leucis-
cids. Other possible causes for the decline have been
hypothesized, including rising water temperatures, pollut-
ants from agricultural runoff, and changes in salinity due to
changes in river flows (Contreras-Balderas et al., 2002).
Similar changes in fish faunal assemblages have been

observed in other river systems, and those changes were asso-
ciated with changes in flow regime after damming. Several
pelagophilic species have been extirpated from the lower Bra-
zos River after extensive reservoir construction (Taylor and
Mayes, 2022). In the Guadalupe River, mean flows increased
and small and large flood events decreased in frequency after
the damming of the Canyon Lake reservoir (Perkin and Bon-
ner, 2011). Similar patterns were observed in the San Marcos
River with the construction of flood control dams (Earl and
Wood, 2002). This matches what we observed in the lower Rio
Grande since the Falcon Dam was completed. In the Guada-
lupe and San Marcos Rivers, the fish fauna changed similarly
to that of the lower Rio Grande, with the replacement of lotic-
specialist species by lentic-generalist species (Perkin and Bon-
ner, 2011), mainly due to declines in leuciscid species and
increases in centrarchid species. They also observed that fol-
lowing periods of flooding (post-impoundment) generalist
fish populations declined. This is further evidence that flow
alteration in the lower Rio Grande is likely the primary con-
tributor to the changes in fish fauna. This also suggests that if
natural flow regimes could be restored or managed to mimic
pre-impoundment flows, and if source populations existed or
were repatriated for lost fluvial specialists, much of the origi-
nal fish fauna could potentially rebound (Kinsolving and
Bain, 1993). An overall whole-basin hydrologic model (includ-
ing Mexico and U.S. waters) built to explore environmental
flow restoration needs found that fallowing 18–26% of crop-
land and shifting to more profitable and less water-intensive
crops could fill an environmental flow gap for late-summer
low-flow conditions in the middle Rio Grande, while sustain-
ing overall farm revenues (Richter et al., 2023). Given the cli-
mate-related water supply deficits of the Rio Grande system
overall (Dettinger et al., 2015; Miyazono et al., 2015), and the
continued growth and urbanization of the lower Rio Grande
Valley, such ecological restoration will remain challenging for
the Texas/Mexico transboundary waters.
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Vörösmarty, C., P. McIntyre, M. Gessner, D. Dudgeon, A.

Prusevich, P. Green, S. Glidden, S. E. Bunn, C. A.
Sullivan, C. Reidy Liermann, and P. M. Davies. 2010.
Global threats to human water security and river biodiver-
sity. Nature 467:555–561.

Wickham, H., M. Averick, J. Bryan, W. Chang, L.

McGowan, R. François, G. Grolemund, A. Hayes, L.
Henry, J. Hester, and M. Kuhn. 2019. Welcome to the
Tidyverse. Journal of Open Source Software 4:1686.

Hogan et al.—Hydrologic alteration and fish assemblage change in the lower Rio Grande 103

https://doi.org/10.17603/C3WC70
https://doi.org/10.17603/C3WC70
https://cran.r-project.org/web/packages/vegan/index.html
https://cran.r-project.org/web/packages/vegan/index.html
https://www.R-project.org/

